Abstract. The diffusion coefficients characterizing the translational and rotational Brownian motion of a particle in a concentrated suspension were determined in the long time diffusive regime for a ferrofluid suspension with the use of a Langevin equation approach. These dynamical properties depend on the equilibrium micro-structural information of the suspension and take into account the effect of direct anisotropic inter-particle's interactions on self-diffusion. The comparison of this theory with Brownian dynamic simulations results is made in terms of colloid density and dipole interaction strength.
Introduction
Nowdays, the effect of the direct anisotropic interactions among magnetic nanoparticles and external magnetic field gradients, on their collective diffusion is currently investigated with forced Rayleigh scattering techniques [1] and dynamic light scattering [2] in ferrofluid suspensions of up to 10% volume fractions. Yet, the non-direct long range hydrodynamic interaction (HI) in the system is experimentally measured by means of x-ray correlation spectroscopy [3] and with neutron spin-echo experiments [4, 5, 6] . Whereas, the description of the collective diffusion has been accomplished with gradient diffusion approach on concentrated suspensions [7, 8] , and through the mean field kinetic Smoluchowski equation for low and moderate volume fractions [9] . However, there is a clear absence of experimental studies of the rotational and translational self-and tracer diffusion coefficients in mono-and polidisperse ferrofluids which remains to be performed in the already well characterized experimental systems. The above cited theories have been useful to describe the translational self-diffusion of Brownian dynamic simulations were dissipative HI was ignored for model systems of homogeneous moderately concentrated suspensions [9] . Thus, due to the lack of HI there are no cross correlation of distinct particle's velocities and therefore the collective gradient diffusion coefficient coincides with the self-diffusion expression [10, 9] . The simulation studies of reference [9] confirmed good agreement with 1 To whom any correspondence should be addressed.
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IOP Publishing IOP Conf. Series: Journal of Physics: Conf. Series 792 (2017) 012099 doi:10.1088/1742-6596/792/1/012099 gradient diffusion theory. In the present paper we show that a Langevin equation description of the translational and rotational Brownian dynamics (BD) of a colloidal particle in concentrated ferrofluid suspensions without HI provides, in the long time diffusive regime the translational self-diffusion coefficient which yields good quantitative prediction as compared to BD results. We provide expressions both for the self-translational and rotational coefficients which depend in the equilibrium microstructural information of the fluid through the anisotropic pair correlation function. In ferrofluids the rotational diffusion of the particles can be measured with transient magnetic birefringence relaxation [11] and small-angle neutron-scattering [6] .
Langevin equation of particle velocities and of their local concentration
The colloidal suspension contained in a volume consist of a carrier fluid plus the monodisperse system of particles of equal mass and moment of inertia , where each particle can be either of spherical or rod-like shape having an embedded optical anisotropy or a permanent dipolar moment. The orientation of a particle's main axis of symmetry is defined with respect to tracer's body fixed frame. Thus, another particle's orientation will be denoted in this frame by the polar angles of its orientation
Then the total potential energy of the system is =
/2 where it is assumed that &2 is the direct pairwise interaction potential between particles. Notice that we will not consider in this paper the contribution of the non-additive HI among particles. The equation of motion governing the particle translational ( ) and angular ( ) velocity of its rotation can be written as
where the dynamical fluctuation in concentration about its equilibrium value is ( , , ) ( , , ) 
In equation (2) L is an Onsager coefficient that satisfies the fluctuation-dissipation relation with the stationary random term of zero mean ( , ; ) ( , ; ) ( , ; , ;
Effective friction function
The formal solution of equation (2) is known and given in references [13, 14] as
where
ò r and the propagator c satisfies
Substituting equation (4) in (1), we obtain the effective Langevin equation of the particle
Where the dynamical friction function can be expressed in different equivalent forms with the use of the Wertheim-Lovett equation
Since the observable 
The general expressions for the friction function in (7) can also be used to study tracer diffusion on rod-shaped particles suspensions [16] . Such as fd viruses on which the experimental techniques of birefringence, and forced Rayleigh scattering measure the diffusion properties. On the other hand, the propagator
governs the collective relaxation of the particle's configuration variables ( , W r ) due to thermal fluctuations, and it has initial condition (0) :
The equation of ( ) C t is obtained from (5) : . D = × u u There is an equivalent rotational invariant expansion of (10) given in [19] 
With the identification 000 110 112 [20] . We determined these micro-structural properties using the reaction field method as boundary condition [21, 22] in the Brownian dynamic simulation [16] . The vector positions were decomposed into its parallel (∥) and perpendicular(⊥) projections along the particle's axis of symmetry (in this case i u ), = + r r r where 
We determined typical correlation functions as displayed in figure 1(a) for a dimensionless number density [19] , and using the approximation
, we get for equation (15) 11 , 11 , *0 2 *0 1 11 ,
Moreover, the inverse relation holds 
with 000 000 1 h g = -. Therefore from the Laplace transform of the second identity of (7) we attain in the long time limit 0 w = [14] ( 0) , Corresponding rotational diffusion from equation (23) is depicted in (b).
Thus, the components of the self-diffusion properties are
=^= = , and the average total translational and rotational diffusion coefficient are, . In general, both translational and rotational diffusion of the particle diminish by an increase in ferrofluid density. In figure 2(a) we compared theory (20) (21) (22) for 
µ =
Notice that in reference [9] the reduced dipolar strength is denoted as [25] refers to diffusion parallel to axis X and Y but perpendicular to the diffusion along the main particle symmetry axis which is along Z [9] , direction about which we defined the component
D t D t D t =
For the rotational motion, we used [16] . Figure 4 (a) shows that at the lowest dipole strength A function of time due to the accumulative effect of inter-particle's interactions that lowers the rotational movement of the particle. It should be notice that similar time-dependent translational diffusion properties have been measured in a super-paramagnetic colloid confined to a surface [26] , and through BD simulations in suspensions of hard spherocylinders [25] .
Conclusions
A Langevin equation theory allowed us the determination of the friction contribution due to direct interparticle's interactions that experience a colloid particle during its diffusion in a concentrated monodisperse suspension. In the long time diffusive limit the resulting expressions of the particle selfdiffusion coefficient of its translation and rotational movement shows a good comparison with Brownian dynamic results of reference [9] as a function of colloid concentration and dipole strength of interaction. The expression we derived for the friction function apply to colloidal systems made of rod-shaped particles with anisotropic pairwise inter-particle's interactions. Its generalization for colloidal mixtures is straightforward. Future work incorporates the effect of external gradient magnetic field and the dissipative HI. These dynamical properties are feasible to be measured experimentally [1] .
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